Objective: To evaluate and demonstrate the accuracy of fine-needle aspiration (FNA) in thyroid lesions in our department and to highlight probable causes of errors leading to unsatisfactory sampling, which may depend on the characteristics of the nodule. Methods: This is a retrospective study conducted on 319 diagnosed cases of thyroid nodules referred to the Surgery Unit of Puls hospital, Tîrgu Mureș in the January 2014 -December 2015 period, who underwent fine-needle aspiration. Histological examination was considered to be the gold standard; therefore we compared the cytological diagnosis with the histological one. Results: Of the 319 cases, 289 (90.6%) were female and 30 (9.4%) male patients; 210 cases (69.3%) were interpreted as benign, 46 cases (15.2%) as follicular lesion of undetermined significance, 4 cases (1.3%) as suspect for malignancy, 1 case (0.3%) as malignant sampling, and 42 cases (13.9%) as unsatisfactory. We compared the results of fine-needle aspiration cytology (FNAC) with the corresponding histopathological results (49 in total). FNAC achieved a sensitivity of 76.47%, a specificity of 83.1%, a positive predictive value of 35.1%, a negative predictive value of 96.7%, a false positive rate of 16.9%, a false negative rate of 23%, and an overall accuracy of 82.3%. Conclusions: The results of our study demonstrate the accuracy of the FNA technique in the first-line diagnosis of thyroid nodules.
INTRODUCTION
Thyroid nodules are a common clinical finding in the general population, their prevalence at palpation ranging from 3% to 7%. Nowadays, ultrasound imaging is routinely used to detect thyroid or non-thyroid neck pathology, resulting in a dramatically increased number of clinically unapparent nodules, ranging from 20% to 76%. 1 There is a large number of imaging techniques used in the diagnosis of thyroid nodules, but guidelines indicate that fine-needle aspiration cytology (FNAC) is the first-line diagnostic test, being the most accurate and costefficient procedure. These attributes are greatly enhanced when ultrasound is used as a guide for better sampling. 2 Published data suggest that fine-needle aspiration (FNA) has a sensitivity ranging from 65% to 98%, a specificity from 72% to 100%, and an overall accuracy of 75% to 90%. 3 Nevertheless, like any other test, FNAC has its limitations and diagnostic pitfalls. These limitations include false negative and false positive results, and a proportion of FNA results that are not obviously benign or malignant, fall into the indeterminate or suspicious group. 4 The reported pitfalls are those related to specimen adequacy, sampling techniques, the skill of the physician performing the aspiration, the experience of the pathologist interpreting the aspirate, and the overlapping cytological features between certain benign and malignant thyroid lesions. 5 As already noted, about 70% of FNA specimens are classified as benign; in addition, 5% are malignant, 10% are suspicious, and 10% to 20% are non-diagnostic or unsatisfactory. Nevertheless, in order to improve diagnostic accuracy, the unsatisfactory samples should be maintained at rates smaller than 10%. 1, 6 Our aim was to evaluate and demonstrate the accuracy of the FNAC technique in thyroid lesions at our department, and to highlight probable causes of errors leading to unsatisfactory sampling, which may depend on the characteristics of the nodule (specimen adequacy-related pitfall).
MATERIALS AND METHODS

FNA technique
First of all, FNA is explained to the patient and usually performed in local anesthesia. The patient has to lie down on her back, with her head tipped backwards, to assure that the neck is extended. A pillow can also be placed under the patient's shoulders, to get a better position. The patient is asked to stay as still as possible and to avoid speaking and swallowing during the procedure. The benign or malign nodules are identified by ultrasound. A 22 gauge needle is introduced into the thyroid nodule under ultrasound guidance. Moving the needle back and forth, the practician will take approximately 20 tissue samples. This procedure is performed twice, until enough tissue is collected. Then, two slide smears are made for each case, immediately air-dried with a warm air-drying device and sent to the laboratory. After the procedure, the nurse or the doctor should apply pressure on the neck for several minutes to avoid bleeding.
Ethical considerations
Ethical approval was obtained from the Ethics Commission of the University of Medicine and Pharmacy of Tîrgu Mureș, and a written informed consent was waived by Puls Hospital.
Patient selection and working method
This is a retrospective study conducted on 319 diagnosed cases of thyroid nodules referred to the Surgery Unit of Puls Hospital, Tîrgu Mureș in the January 2014 -December 2015 period, in order to establish a FNAC diagnosis. The patients had ultrasound examination performed by endocrinologists in different clinics, after which, depending on the ultrasound images, they were selected and referred to our department for FNAC. All solitary nodules were selected for FNAC regardless of their sonographic and color-Doppler features. When a multinodular thyroid gland was encountered, the largest nodule was included in the study, unless an atypical nodule with ultrasound features specific for malignancy was encountered. 7 Information about the patients' age, sex, ultrasound findings, and cytological diagnosis was retrieved from the case notes. Information regarding the histological diagnoses or ultrasound follow-up was retrieved by telephonic questionnaire directly from the patients.
Thyroid nodules were aspirated using disposable needles, following the standard procedures. 8 Two slide smears were made for each case and immediately air-dried with a warm air-drying device. They were let unfixed and transported to the laboratory for Giemsa staining. All thyroid nodule aspirates were collected by the same surgeon, with 4 years of experience in this procedure at the time of the study. The diagnosis of cytological smears was done according to the Bethesda system for reporting thyroid cytopathology into: insufficient for diagnosis, benign, atypical follicular lesion of undetermined significance, follicular neoplasm, suspicious for malignancy, and malignant sampling. Aspirates with insufficient cellularity or poor quality smears due to delayed or inadequate fixation were considered "unsatisfactory".
Histological examination was considered to be the gold standard; therefore we compared the cytological diagnosis with the histological one. Most of the patients with benign cytological findings did not undergo surgery and they were followed-up by ultrasound imaging assessment after at least six months since the FNAC evaluation. In order to calculate the accuracy of FNAC, we did not include the unsatisfactory results in any benign or malignant categories; therefore, these cases were excluded from the study.
Cases in which we could not retrieve any further information after the FNAC procedure took place or six months have not passed since the cytological diagnosis (necessary to ensure the stability of the benign nodule through ultrasound), were also excluded from the calculations.
For the purpose of the study, the sonographic and color Doppler features of the nodule selected for FNAC unsatisfactory sampling analysis were categorized based on the dimensions (<10 mm or greater) and content of the nodule (cystic or not), characteristics which are regarded as problematic and may influence the quality of the sample. 1, 6 We also considered that nodular color Doppler flow characteristics (no flow, peripheral and/or central flow) and the presence of calcification (no calcification, small -2 mm, or coarse ->2 mm calcification) may also influence the quality of the sample in different proportions (obscuring blood in case of intense vascularity, or nodule hard to aspirate in case of large calcifications). 6 
Statistical analysis
Receiver operating characteristic (ROC) curve analysis was used to examine the accuracy of FNAC in differentiating benign and malignant nodules and reducing unnecessary surgery. Logistic regression was used to predict the probability of a thyroid nodule sampling to turn up being inadequate due to an ultrasound characteristic of the nodule (dimension, consistency, color flow, presence of calcification). The statistical analyses were performed using MedCalc version 13.1.1 (MedCalc Software, Ostend, Belgium).
RESULTS
Out of the 319 patients, we were able to retrieve information regarding the histological diagnoses or ultrasound follow-up in 189 patients. The remaining 130 patients were excluded due to missing follow-up scans to ensure benignity or the histology findings were unavailable (surgery at another center or refused).
Of the 319 cases, 289 (90.6%) were female and 30 (9.4%) were male patients. The median age was 53 years (range 17-82 years). Two-hundred ten cases (69.3%) were interpreted as benign, 46 cases (15.2%) as follicular lesion of undetermined significance, 4 cases (1.3%) as suspect for malignancy, 1 case (0.3%) as malignant sampling, and 42 cases (13.9%) as unsatisfactory.
We compared the results of the FNAC with the corresponding histopathological ones (49 in total). Eighteen benign diagnosed cases had histopathology results (upon the endocrinologist's request in most of the cases and upon the surgeon's recommendation for symptoms relieve in others). Seventeen cases of follicular lesion of undetermined significance, 3 out of 4 cases of suspect for malignancy, the single case of malignant sampling and 10 out of 42 cases of unsatisfactory sampling also had histopathology results (Table 1) .
Of the 18 benign cases who underwent surgery, 4 cases were diagnosed as carcinoma (22%), the rest of them were nodular goiter or adenoma. Only 4 out of the 17 cases of follicular lesion of undetermined significance turned up to be malignant, the malignant sampling was confirmed as being malignant, and 1 out of the 3 suspect cases showed up to be benign. Four out of 10 unsatisfactory samplings were malignant.
All the malignant results in histopathology were papillary carcinoma, except for one case of lymphoma and one case of follicular neoplasm.
Of the 140 patients who did not undergo surgery but had ultrasonography follow-up for at least 6 months, 137 (97.9%) showed no significant increase in size, no ultrasonographic changes, and no pressure symptoms.
Of the 122 included cases interpreted as benign in FNAC, 118 proved to be non-neoplastic (by histopathology result or ultrasound follow-up), while 3 cases were diagnosed as papillary carcinoma and 1 case as follicular neoplasm in histopathology. Out of the 37 cases interpreted as suspect for malignancy, malignant sampling, or follicular lesion of undetermined significance in FNAC, 24 cases turned up being non-neoplastic and only 13 were actually neoplastic in histopathology ( Table 2) . Thus, FNAC achieved a sensitivity of 76.47%, a specificity of 83.1%, a positive predictive value of 35.1%, a negative predictive value of 96.7%, a false positive rate of 16.9%, a false negative rate of 23%, and an overall accuracy of 82.3%.
The ROC curve shows high area-under-the-curve (AUC) values (AUC = 0.798), indicating a good diagnostic performance for FNAC.
The thyroid nodules varied in size, with diameters ranging from 0.3 to 5.5 cm. There was a significant difference in size between benign nodules (2.1 ± 1.1 cm) and malignant nodules (1.6 ± 0.8 cm) (p = 0.001).
Logistic regression analysis results suggest that only the content of the nodule characteristic is significantly associated with a higher rate of sample inadequacy when aspiring thyroid nodules (cystic lesion) (p = 0.04). The dimension of the nodule characteristic had a p value of 0.1, indicating that aspiring nodules smaller than 1 cm did not have a statistically significant influence on the rate of inadequate sampling.
DISCUSSIONS
FNA has an essential role in the evaluation of euthyroid patients with a thyroid nodule. It reduces the rate of unnecessary thyroid surgery for patients with benign nodules and appropriately triages patients with thyroid cancer to appropriate surgery. 6 Nonetheless, there are a lot of diagnostic limitations regarding FNAC, related not only to inadequate sampling, but also, most importantly, to its inability to distinguish between benign and malignant follicular lesions in the absence of nuclear features of papillary carcinoma. The indeterminate diagnosis of follicular neoplasm encompasses a number of heterogeneous thyroid lesions including cellular adenomatoid nodule, follicular adenoma, and follicular carcinoma. 9 Regarding the inadequate sampling pitfall, we had to confront with a considerable number of unsatisfactory samplings in our study, which we were not able to report (approximately 17%). This group also included aspirates consisting only of cyst fluid. Thus, the proportion of unsatisfactory sampling was calculated after excluding the inadequate aspirates from the cystic lesions (macrophages only), because according to the Bethesda reporting system they should be considered a clearly identified subset of ND/UNS, 6 and our laboratory considered that this was not the case. The new proportion of inadequate sampling was reduced from 17% to 13.9%, a percentage which is in accordance with data communicated by other studies. 10 Similarly to other studies, the majority of the cases were benign. 1 In contrast, the suspect for malignancy and malignant sampling cases in cytology represented a highly reduced proportion of the entire number of FNAC results, contradicting usually published data.
We are assuming that these diagnostic categories were used less than the "follicular lesion of undetermined significance" diagnosis by our cytologist. Similar situations were communicated in studies in which several cytologists described and compared the same smears. 11 Thus, we are considering to have the slides reviewed by more than one cytologist.
In our study, we achieved a sensitivity of 76.47% and a specificity of 83.1%, which built up into an overall accuracy of 82.3%, a positive predictive value of 35.1%, a negative predictive value of 96.7%, a false positive rate of 16.9%, and a false negative rate of 23%. The results are partially comparable with other published data, which report a sensitivity ranging from 65% to 98%, a specificity from 72% to 100%, and an overall accuracy of 75% to 90%. 3 Positive predictive values (PPV) and negative predictive values (NPV) are defined as the proportions of positive and negative results that are true positive and true negative. A low positive predictive value of 35% indicates that our procedure is lacking in truly identifying the malignant nodules. This may be due to interpreting poor specimens as follicular lesions of undetermined significance and to the reduced number of slides (2 colored slides per patient). Some authors suggest that at least 6 punctures should be made, and 8 to 10 slides should be colored and interpreted before deciding upon the diagnosis. 12 The false positive rate (FPR) is high (16.9%) because of the increased number of follicular lesion of undetermined cytology diagnoses, which proved to be benign at histopathology. Again, this is related to the reduced number of slides interpreted by the cytologist.
The false negative rate (FNR) is defined as the percentage of patients with benign cytology in whom malignant lesions are later confirmed on thyroidectomy. In our study we had 4 such cases, translating into a FNR of 23%. Of these 4 cases, 1 was a follicular neoplasm, which is very difficult to diagnose from follicular adenomas in FNAC. 13 Currently in our clinic, we offer FNAC analysis routinely in the evaluation of thyroid nodules, but recognize the need to be discerning in selecting malignant nodules for FNAC and hence reduce unnecessary FNA biopsies. 14 Even if our study shows that aspiring nodules smaller than 1 cm did not influence in a statistically significant manner the rate of inadequate sampling, we consider it worth mentioning that out of 62 incidentalomas, 11 were not interpreted due to unsatisfactory sampling (17.7%).
CONCLUSION
The results of our study are comparable with other data from literature, demonstrating the accuracy of the FNA technique in the first-line diagnosis of thyroid nodules.
The criteria for referring incidentalomas for FNA should be reviewed more strictly, and benign FNAC should be reviewed with caution as false negative cases, especially if there are suspicious findings in ultrasound imaging.
